Background: Myopia, especially high myopia, would cause damage in the choroid, retina and sclera, thereby leading to vision loss. Although refractive error correction can help improve visual acuity, the pathology of myopia, a global issue, remains unclear and myopia progression, as well as concomitant fundus progression, remains uncontrolled. Under such circumstances, prevention of myopia is of great significance and thus should be prioritized. Objective: To explore whether outdoor time has positive significance for myopia prevention. Search Methods: Databases of Pubmed, Science Direct, the Cochrane Library, the Chinese National Knowledge Infrastructure and the Wanfang Database were searched. The following terms or their combinations were used: myopia, prevention, control, random, randomized, randomization, intervention, outdoor. The full search strategy was shown in the Appendix below. The databases were last searched on October 24, 2018. Selection Criteria: Randomized controlled trials (RCTs) that participants accepted outdoor activity as an intervention measure for myopia prevention were included.
Introduction

Description of the Condition
Myopia, which is usually defined as the spherical equivalent error (SER) of below -0.5 D, refers to a condition where a person can see only objects that are near, as the image of distant objects could not be focused appropriately on the retina. Myopic eyes usually have longer axial length compared to normal eyes.
Epidemiology
Myopia is a global public health issue, and it is estimated that 28.5% of men and 27.3% of women worldwide are short-sighted [1] . In Asia, the situation is even severer; China alone has a myopic population of > 0.4 billion, and the prevalence of myopia in teenagers is up to 90% [2] .
Etiology and Risk Factors
Many factors are potential causes of myopia and myopia progression, including near work [3] , shortage of outdoor time [4] , Asian ethnicity [5] , high educational level, parental myopia, low serum Vitamin D [6] , development of parapapillary atrophy [7] , and even allergic inflammation [8] .
Importance of Outdoor Time
Compared to ethnicity, education, heredity and other factors, outdoor time, which could be modified by encouraging outdoor activity, is a more promising intervention method, and thus many researchers are devoted to identifying whether outdoor time helps control myopia.
Current Researches on Outdoor Time for Myopia Prevention
However, evidence from different studies is contradictive. In Singapore, Low W [9] conducted a cross-sectional study including 3,009 of 0.5-6-year-old Chinese children and compared the outdoor time between myopic children and non-myopic children, for which, no statistical difference was found. In another 2 cross-sectional studies, Lu et al. [10] and Ip et al. [11] reported similar findings. In another study in Singapore carried out by Saw et al. [12] , 994 of 7-9-year-old children were followed for 3 years in the cohort study, and no association was found between outdoor time and myopia. A similar finding was reported by Li et al. [13] and Chua et al. [14] in another 2 cohort studies.
On the contrary, in a cross-sectional study including 1,344 youth of 19-22 years old, McKnight et al. [15] reported an inverse relationship between SER and ocular sun exposure, which was measured by conjunctival ultra-violet autofluorescence. Deng et al. [16] reported that myopes spent significantly fewer hours (8.25 ± 6.25 h/ week) than non-myopes (10.95 ± 5.95 h/week) in sports/ outdoor activity during the school year. Khader et al. [17] , Mutti et al. [18] , Saxena et al. [19] , Sun et al. [20] , Guo et al. [21] , Lin et al. [3] and Hsu et al. [22] and Read et al. [23] also reported the positive effect of outdoor time on myopia control. In a randomized comparative study, Jin et al. [24] revealed that an additional 20 minutes recess outside classroom could help slow down the change speed of refractive error. He et al. [25] carried out a randomized controlled trial (RCT) in China, in which an addition 40 min of school outdoor activity was added in the outdoor group. Over a 3-year follow-up, the change of both refractive error and axial length were slower than that of control group. Wu et al. [26] reported a similar finding in another RCT conducted in Taiwan.
There was even a study revealing outdoor time as a risk factor for myopia: Czepita et al. [27] reported that with the increase of outdoor activity time, students' SER significantly increased.
Significance of this Systematic Review and Meta-Analysis
Whether outdoor time helps control myopia remains controversial. In this review, we aim to provide an updated evaluation on the effect of outdoor time on myopia control. The refractive error, change of refractive error, change of axial length, and number of new myopia cases between the outdoor group and the control group would be compared.
Methods
Inclusion and Exclusion Criteria
Types of studies. This review included only RCTs. Types of participants. We included trials in which participants accepted outdoor activity as an intervention method to increase outdoor time for myopia prevention. Randomization of participants at an individual level or a school cluster level was both acceptable.
Types of interventions. As this review only focuses on the effect of outdoor time on myopia prevention, only trials using outdoor activity as an intervention method were included.
Types of Outcomes Measures
Primary outcomes. The primary outcome for this review was refractive error (SER) that measured at the year of last follow-up.
It is worth mentioning that in He et al. [25] research, cycloplegic refraction was performed only on those children who had parental consent, and the percentage of cycloplegic refraction in the outdoor group and the control group was 94.55 and 79.65% respectively. In other studies, all subjects were measured with cycloplegia. Subjects whose SER was above -0.5 D at baseline and was below -0.5 D at the last follow-up year was defined as new myopia cases. Number of new myopia cases in both intervention group and control group was extracted and then compared.
3. Change of axial length The change of axial length between intervention group and control group was compared. Three studies measured axial length, with 1 using a noncontact ocular biometry system (Lenstar LS 900) and another 2 using the IOL Master (Carl Zeiss Meditec).
Search Methods for Identification of Studies
Databases of Pubmed, Science Direct, the Cochrane Library, the Chinese National Knowledge Infrastructure and the Wanfang Database were searched. The following terms or their combinations were used: myopia, prevention, control, random, randomized, randomization, intervention, outdoor. The full search strategy is shown in the Appendix part below. The electronic databases were last searched on October 24, 2018.
See: Appendices for details of search strategies for Pubmed (Appendix 1) and other databases (Appendix 2)
Data Collection and Analysis
Selection of studies. Two review authors, 1 clinician (N.W.) and 1 methodologist (K.C.), assessed the titles and abstracts of all papers independently in the initial screening process. If there were different opinions on whether a paper should be included or excluded, the full article would be assessed and discussed.
Data Extraction and Management
Two reviewers extracted the data for the primary and secondary outcomes according to data collection forms designed by the authors' team. Data measured at the last follow-up year were collected. For continuous data, including SER, change of SER and AL, the mean values and SDs were extracted. For categorical data, such as new myopia cases, the number of each group was extracted. One reviewer entered the data into R software and another reviewer performed verification.
Assessment of Risk of Bias in Included Studies
The risk of bias tool recommended by the Cochrane Collaboration [28] was applied to assess risk of bias of each study from the following 6 aspects: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective outcome reporting. The risk of bias for each aspect is graded as "low," "unclear," or "high." For example, if a study generated randomization sequence in an appropriate way like using SAS software or using random number table, the risk of bias on sequence generation for this study is considered.
Measures of Treatment Effect
Mean differences (MDs) were reported for continuous outcome measures, and risk ratios (RRs) for dichotomous outcomes.
Unit of Analysis Issues
In this review, the unit of analysis was "person" instead of "eye," for example, if both eyes of a participant met the criteria of myopia at the last follow-up year, the participant would be treated as "one" new myopia case.
Dealing with Missing Data
The studies were analyzed based on available information.
Assessment of Heterogeneity
Before estimating the pooled effect, the heterogeneity across studies was assessed first by Q test and I 2 statistic. I 2 describes the percentage of variability in effect estimates that is due to heterogeneity rather than to chance. If the p value was below 0.05 or the I 2 was above 50%, the heterogeneity among included studies would be considered large.
Assessment of Reporting Biases
If there was any outcome assessed but not reported, a reporting bias would be considered present.
Data Synthesis and Statistical Analysis
MD with 95% CI was applied to estimate continuous outcomes, and RR with 95% CI was extracted to estimate categorical outcomes. All the analysis was performed with open source R program (version 3.4.4). If the I 2 was below 50%, a fixed-effects model would be applied to calculate the pooled effect size [29] . Egger's test was used to check publication bias [30] . The significance level was 0.05, two-tailed.
Subgroup Analysis and Sensitivity Analysis
In this review, no subgroup analysis or sensitivity analysis was performed as the heterogeneity of included studies was small.
Results
Description of Studies
Results of the search. An electronic literature search was performed and 268 records of journal articles were identified. After duplicates were removed, there were 232 left. After screening the titles and abstracts, full-text copies of 43 records for further review were obtained. Of those, 32 full articles were excluded due to ineligible study design, inadequate inclusion criteria of subjects or uninterested interventions. Six full-text articles were excluded due to insufficient data of outcomes. Five RCTs [24-26, 31, 32] met the inclusion criteria, and the paper selection process was shown in Figure 1 .
Included studies. Among the included 5 studies, subjects' age ranged from 6 to 12 years (Table 1) , and the follow-up duration ranged from 9 to 36 months. One study performed randomization at individual level, while other studies performed school-cluster randomization.
All included studies used outdoor activity as an intervention method, but with varied length of outdoor time. Two studies added a 40-min recess for children in school days, 1 study added a 2-3 h outdoor activity for children on weekend, 1 study encouraged participants to have outdoor time of 11 h or more every 7 days, and 1 study let children do outdoor activity > 14-15 h per week. DOI: 10.1159/000501937
Assessment of Risk of Bias
Analysis of risk of bias was shown in Figure 2 . All included studies generated a random sequence in an appropriate way, and thus there was a low risk of bias on random sequence generation for all included studies. For allocation concealment, Ngo et al. [32] stated clearly that envelopes were used, and therefore, the risk of bias was low; however, other studies performed a cluster randomization, which means allocation concealment was unfeasible, and so the risk of bias was high. As for the blinding method, incomplete data and selective reporting, the risk for most studies was unclear, but He et al. [25] stated clearly that blinding method was not applied, and hence, the risk of bias was high. Jin et al. [24] randomly selected a quite small group out of all subjects for outcome assessment; thus, the risk of bias on incomplete data was high.
Effects of Interventions (Comparison of Outcomes between the Outdoor Group and the Control Group)
Refractive error after intervention. Three studies included in this review made comparison on SER measured at the last follow-up year between the outdoor group and the control group, and in every single study, the SER of the outdoor group was found to be better (the absolute value was smaller) than that of the control group. The pooled MD, as shown in Figure 3 , was 0.15 (95% CI 0.06-0.23) D, meaning that SER of the outdoor group was better than that of the control group, and there was no heterogeneity across included studies (I 2 = 0%).
Change in refractive error. Four studies reported the SER change after intervention. The forest plot of SER change was shown in Figure 4 . Pooled MD between the outdoor group and the control group was 0.17 (95% CI Figure 5 , there were fewer new myopia cases in the outdoor group, and the pooled RR was 0.76 (95% CI 0.67-0.87). Children in the control group were faced with a higher risk of developing myopia. The I 2 was 0%, indicating that there was no heterogeneity across included studies.
Change in axial length. As shown in Figure 6 , the change of axial length in the outdoor group was statistically smaller than that of the control group, and the pooled MD was -0.03 (95% CI -0.03 to -0.03) mm, there was no heterogeneity among included studies either (I 2 = 0%). 
Assessment of Publication Bias
For all analyzed outcomes, Egger's test revealed no publication bias (Table 2) . Specifically, for comparison on SER, change in SER, the number of new myopia cases and change in axial length, the p values of Egger's test were 0.40, 0.20, 0.60, and 0.06 respectively.
Discussion
Summary of Main Results
Based on this meta-analysis, the answer is clear that outdoor time has a positive effect on myopia control. Specifically, compared with the control group, there was an average of 0.15 (95% CI 0.06-0.23) D benefit on refractive error. The change of refractive error of the outdoor group was slower than that of the control group by 0.17 (95% CI 0.16-0.18) D. The change of axial length of the control group was faster than that of the outdoor group by -0.03 (95% CI -0.03 to -0.03) mm. There were fewer new myopia cases in the outdoor group, and the pooled RR was 0.76 (95% CI 0.67-0.87).
In summary, for myopic children, outdoor time helps slow down the speed of change in refractive error and axial length; for non-myopic children, outdoor time helps reduce the risk of developing myopia.
Overall Completeness and Applicability of Evidence
The included studies were all conducted in Singapore and China, mainly in China. Also, all subjects were Chinese students. The subjects were not representative of world population; however, they were representative of Chinese.
Besides, many factors, like study designs, sample sizes and measurement methods, could arise a large heterogeneity across studies in estimation of pooled effect size. In this meta-analysis, the outdoor time of each study dif-fered from each other, and the measurement methods also differed from each other. Wu et al. [26] used an objective indicator, light intensity, to reflect outdoor time, while the other researchers chose to use subjective questionnaire for the measurement of outdoor time. However, there was no heterogeneity across all included studies, which further reflects that outdoor time does have a positive effect on myopia control.
Quality of the Evidence
In this review, only RCT were included, which eliminates treatment selection bias that could be influenced by participants' or researcher's desire. However, as stated in the method part, most studies performed randomization at a school-cluster level; hence, allocation concealment is not applicable, which might cause bias when assessing outcomes, since both participants and researchers know the allocation.
Overall, all studies performed random sequence generation properly and set appropriate control; therefore, the evidence was trustable.
Potential Biases in the Review Process
When performing the literature review process, in order to reduce the risk of bias, databases were searched thoroughly and papers not were screened only in English but also in . 6 . Forest plot of axial length growth between the outdoor group and control group. MD, mean difference. Chinese. Two review authors independently assessed the search results for eligibility and extracted data, and therefore, the possibility that some articles were missed is low.
Why Outdoor Time Does Help Myopia Prevention?
The reason of outdoor time's positive effect on myopia control might be that the radiant intensity of sunlight peaks at a wavelength of about 550 nm, corresponding precisely to the peak in the sensitivity of the average human observer, while indoor illumination peaks at longer wavelengths, thus most of the received light beams focus behind the retina and cause a situation similar to that of negative lenses in front of the eye, which has been proven to stimulate the globe growth and the subsequent myopia [33] .
Another hypothesis states that light can induce the release of dopamine, which helps inhibit axial elongation. The evidence comes from an animal model [34] , in which a translucent diffuser was placed over the eye of 1-day old White Leghorn Black Australorp cockerels and kept on a 12: 12 h light/dark cycle. These birds were found to have excessively longer axial length and formed myopia. But if the diffuser was removed for 3 h during the light period, the axial length would not grow that much. Additionally, if the dopamine agonists were injected into the eye instead of removing the diffuser, the protective effect remained. On the contrary, the dopamine antagonists' injection prior to diffuser removal in the light could not produce the protective effect. Evidence from other studies using mice model also favored this hypothesis [35, 36] .
Agreements and Disagreements with Other Studies or Reviews
Our findings are similar to what Wu et al. [37] found in a comparative study, in which 571 students were recruited and 333 of them were encouraged to go outside during recess, while there was no special program for the rest of the students. It turned out that the myopia incidence of the outdoor group was lower than that of the control group (8.41 vs. 17.65%). The myopic shift of the outdoor group was also lower than that of control group (-0.25 vs. -0.38 D/year). In addition, many observational studies, as mentioned in the introduction part, reported similar findings.
Conclusions
Implications for Practice
Based on available evidence, the answer is clear that outdoor time helps prevent myopia. Outdoor time can be adjusted by adding recess time during school hours and by encouraging parents and children to go outside on weekends. Besides, adding outdoor time does not cause external burden to children, parents, school, or society. Therefore, outdoor activity should be considered an effective and feasible option for myopia control.
Implications for Research
For the time being, it could only be said there is indeed a cause and effect relationship, but as for how long the outdoor time a day or a week is suggested, the answer is not clear. Studies on the dose-response relationship of outdoor time and myopia are needed. Besides, for better depiction of this dose-response relationship, the method with quantitative measurement like a light meter instead of questionnaire is suggested because a questionnaire causes large recall bias, which might be one reason why there was no statistical difference on outdoor time between the outdoor group and the control group after a 3-year intervention program in He et al. [25] study.
